Background: Physical activity (PA) interventions are generally effective in supporting short-term
Introduction
Current World Health Organization (WHO) guidelines recommend that adults aged 18-64 years should perform at least 150 minutes of moderate-intensity aerobic physical activity (PA), or at least 75 minutes of vigorous-intensity aerobic PA, or an equivalent combination of moderate-vigorous intensity physical activity (MVPA) weekly for maintained health (World Health Organization, 2010) .
Approximately 6-10% of global mortality associated with non-communicable diseases (NCDs) is due to physical inactivity (Lee et al., 2012) , making it the fourth principal risk factor for death (Kohl et al., 2012) . However, encouraging regular PA initiation (i.e. taking up regular PA within six months) and maintenance (i.e. continuing to undertake regular PA longer than six months) is a challenge.
Previous PA interventions have shown modest effects on initiation of PA (Conn et al., 2011; Foster et al., 2005) , and reviews have highlighted a lack of reporting of maintenance outcomes (Foster et al., , 2005 . A Cochrane review investigating the effectiveness of interventions for promoting PA in adults aged ≥16 years found that only six out of 19 included studies reported PA outcomes after six months, none of which found improvement in PA for intervention groups relative to controls (Foster et al., 2005) . A more recent review examining the effectiveness of web-based PA interventions on long-term PA behavior among adults reported a small effect (standardised mean difference (SMD) and 95% confidence interval (CI)) at 12 (9 studies; SMD=0.20, 95% CI: 0.11, 0.28) and 24 (1 study; SMD=0.19, 95% CI: 0.08, 0.32) months compared to controls . Another review of PA interventions delivered face-to-face showed similar effectiveness on PA behaviors at 12 months (8 studies; SMD=0.19, 95% CI: 0.06, 0.31) compared to controls, which was not maintained at 24 months . Unfortunately, the majority of studies included in this last review failed to measure the long-term (i.e. >12 months) effects on PA (only 3 studies reported PA outcomes >12 months).
Investigation of PA maintenance is hindered by a number of unresolved conceptual issues. One of the most problematic is that researchers use different definitions of 'maintenance'. Some define it in terms of a timeframe over which the new behaviour is carried out (typically 3-6 months after intervention completion) (Fjeldsoe et al., 2011; Prochaska and DiClemente, 1982) , and others conceptualise it in terms of achieving behavioural automaticity (i.e. when it is efficiently and effortlessly carried out) (Rothman, 2000) . Kwasnicka et al. (2016) suggest maintenance is achieved when the new behaviour becomes the 'dominant response' (i.e. has the highest probability of being enacted across times and contexts). In terms of behaviour change theories, the Transtheoretical Model (TTM) defines the individual as being in the 'maintenance' stage after being sufficiently active for six months (Prochaska and DiClemente, 1982) .
In an attempt to address these issues, Fjeldsoe et al. (2011) adopted a two-fold definition of maintenance in their review of the effectiveness of PA and dietary interventions for behavior change maintenance among adults. With this definition, behaviour change maintenance was achieved when a significant intervention effect was reported (i.e. any increase in PA for the intervention compared to control group) at end of-intervention as well as at follow-up (i.e. three months post-intervention).
However, the authors noted that this may have been restrictive with respect to longer-term community-based interventions with ongoing contact. This definition also restricts inclusion of studies with no defined end period, (e.g. altering the built environment). Furthermore, applying a threshold-based maintenance criterion is complicated by heterogeneity of outcomes and measurement tools across studies, and infrequent reporting of the magnitude of behaviour change between post-intervention and follow-up (Fjeldsoe et al., 2011) . Evidently, there are many complexities inherent in conceptualising behaviour change maintenance and researchers have diverse opinions as to how it should be defined.
It is clear that this lack of consensus has impeded our understanding of what interventions are most effective for behaviour change maintenance . The present review adopts the operational definition of 'maintenance' as any positive and significant intervention effect at least six months post-baseline (with no restriction on intervention duration) in line with the TTM. This is also consistent with the argument that individuals who maintain an increase in PA for six months are usually viewed as successful maintainers (Marcus et al., 2000) . Further, research shows that the highest likelihood for relapse occurs within six months of starting an exercise program (Dishman, 1994) . Physical activity interventions involving inactive participants usually aim to achieve any increase in PA rather than solely focusing on increasing PA to a target level (Conn et al., 2011) .
Indeed, current PA guidelines acknowledge that getting some PA is better than none (Office of Disease Prevention and Health Promotion, 2017). Given the lack of consensus in defining PA maintenance, we also examined an alternative definition (i.e. requiring a significant postintervention effect on PA behaviour with PA outcomes measured again at least six months after the intervention-end), which is consistent with how intervention studies 'typically' operationalise maintenance (Marcus et al., 2000) .
There are also weaknesses in the theoretical developments in understanding maintenance. In particular, there is limited evidence regarding which theories best support behavior change maintenance and whether they differ from those supporting PA initiation (Kwasnicka et al., 2016; Nigg et al., 2008; Rothman, 2000) . A comprehensive review of 83 behaviour change theories reported that the most popular theories (e.g. TTM, Social Cognitive Theory (SCT)) rely on a static structure, rarely accounting for behavioural changes over time (Michie et al., 2014) . More recent studies have compared theoretically-derived predictors of maintenance (Kassavou et al., 2014) and there is increasing evidence to support Rothman's hypothesis that the determinants of initiation and maintenance differ for a range of health behaviours, including PA (McAuley and Blissmer, 2000; Rothman, 2000) . For example, Nigg et al. (2008) highlight that the correlates of PA initiation versus maintenance differ in terms of the focus of fundamental psychological variables (and temporal associations), and the inclusion of factors that impede PA. The Health Action Process Approach defines a phase-specific model of causality, separating the concept of self-efficacy according to the individual's phase (i.e. motivation or action) of behaviour (Schwarzer, 1992) . Physical Activity Maintenance Theory considers the impact of life stress in terms of re-directing personal resources away from focusing on PA, and increasing negative affect (Nigg et al., 2008) .
One way to understand differences in the effectiveness of PA interventions for initiation and maintenance of behaviour is to examine the Behaviour Change Techniques (BCTs) employed. BCTs have been defined as the irreducible components or 'active ingredients' of interventions, designed to redirect the process of behaviour (Michie et al., 2013) . Recent reviews examining whether BCTs, and other intervention features, are associated with increased effectiveness (i.e., greater improvements in behavioural changes) have mainly focused on initiation of behaviour change. These reviews suggest that self-regulation techniques such as goal setting, self-monitoring, action planning, and prompts are associated with more effective interventions in terms of initiation of PA (Dombrowski et al., 2012; Michie et al., 2009; Williams and French, 2011) . In comparison, Fjeldsoe et al. (2011) specifically examined effectiveness of interventions for behaviour change maintenance and found that studies with specific methodologies (e.g. higher attrition and pre-trial behavioural screening) and intervention characteristics (e.g. longer duration, in-person contact, more intervention strategies, use of follow-up prompts, and targeting sample characteristics such as gender) were more effective at improving PA maintenance. Unfortunately, the authors did not report intervention components based on a standardised BCT taxonomy.
Given the lack of clarity on key issues in the literature, the present review builds upon previous research by focusing on the extent of behavioural maintenance in PA interventions among adults.
Using systematic review and meta-analysis methods, objectives include: (1) To examine how effective PA interventions have been in achieving behaviour change maintenance at least six months post-baseline; (2) To investigate which sample (e.g. age, gender) and intervention characteristics (e.g. duration, setting, BCTs) are associated with PA behaviour maintenance.
Methods

Search strategy and data abstraction
Six electronic databases were systematically searched including Medline, EMBASE, PsycINFO, Cochrane Database of Systematic Reviews, CINAHL and Web of Science. Searches were carried out from inception to 16 th January 2016. The search strategy included terms relating to PA, behaviour change, maintenance and study design (supplement 1). Reference lists of relevant systematic reviews, meta-analyses, and included studies were searched manually. Titles and abstracts were screened by JM; 25% were independently screened by a second reviewer (RH). All full texts were examined by JM and independently by RH or SB. In cases of disagreement or uncertainty, consensus was reached via discussion with a third reviewer (DF). Percentage agreement and Cohen's kappa (Cohen, 1960) were calculated for all screening stages and BCT coding.
Relevant data were extracted by JM and verified by RH, SB and CP. Authors were contacted in an attempt to retrieve unreported or missing data. The results of studies which could not be included in meta-analyses due to missing data were summarised narratively.
Intervention components were independently extracted by three trained coders (JM, RH and SB)
according to the 40-item 'Coventry, Aberdeen & London -Refined' (CALO-RE) BCT taxonomy (Michie et al., 2011) . This taxonomy was specifically designed to be used with interventions targeting PA and dietary behaviours. Disagreements were resolved by discussion with another coder (DF).The CALO-RE taxonomy was supplemented with 'Credible source' from the 93-item 'BCT taxonomy v1' (Michie et al., 2013) to enable coding of BCTs regarding exercise advice, information or demonstration provided by a trained professional. Coded BCTs were categorised into domains (Michie et al., 2013) .
Risk of bias was assessed using the Cochrane Risk of Bias tool (Higgins and Green, 2011) , and categorised as 'high', 'low' or 'unclear' for each domain.
Physical activity outcomes and effect size calculation
Meta-analyses included objective measures (e.g. pedometer or accelerometer) or self-report estimates of time spent in PA, MVPA time, leisure-time PA, energy expenditure from PA and percentage of participants meeting recommendations for MVPA. Effect sizes (i.e. SMDs) represented PA behaviour maintenance at 6-months post-baseline. SMDs were calculated using between-group changes from baseline values for continuous outcomes (e.g. steps/day, MVPA minutes/week) and
interpreted according to Cohen's classification as small (0.2-0.5), medium (0.5-0.8) and large (0.8) (Cohen, 1988; Higgins and Green, 2011) . When studies reported post-intervention PA outcomes adjusted for baseline differences, effect sizes were calculated from the adjusted estimates. When studies reported only mean and standard deviation values at baseline and follow-up (k=26), an assumption was made regarding the correlation between baseline and post-intervention PA levels (0.7 at 6-9 months, 0.5 at 9-21 months, 0.3 at >21 months). This captured the tendency for correlation between baseline and follow-up PA to decline at increasing time from baseline (Malina, 2001) . For dichotomous outcomes (e.g. percentage of participants meeting PA recommendations), log odds ratios were calculated and converted to SMDs using the Chinn (2000) equation (Higgins and Green, 2011) . When interventions employed more than one PA intervention arm (k=13), the control group sample size was split to provide separate comparisons (Higgins and Green, 2011) . For studies which did not adjust results for clustering (k=4), sample sizes were adjusted according to recommendations outlined in the Cochrane handbook (Higgins and Green, 2011; Rao and Scott, 1992) . When studies did not report intra-class correlations (k=3), an assumption was made based on a previously published report (Ukoumunne et al., 1999) . Reported eta-squared values were converted to Cohen's d effect sizes using established procedures (Cohen, 1988 ) (k=2). All effect sizes were calculated using aggregate-level data (i.e., sample means and standard deviations for each study). A significant intervention effect (P<0.05) was determined when the 95% CI excluded 0 for the SMD.
Weighted SMD effect sizes were combined using the inverse variance method and a random-effects model (DerSimonian and Laird, 1986) . The main meta-analysis employed measures taken 6-9 months post-baseline, and was repeated for measures at 9-15 months, 15-21 months, 21-24 months and >24 months. Examination of outcomes reported at different time intervals permitted the assessment of (1) the frequency with which studies measured PA at increasing time intervals from baseline;
(2) how effective PA interventions have been in promoting maintained behaviour at increasing time intervals from baseline. The selected time intervals reflect the tendency of PA studies to measure effectiveness at six month time intervals (i.e. 6 months, 12 months and 24 months) (Seymour et al., 2010) . Meta-analyses were conducted using Review Manager (The Cochrane Collaboration, 2014). To facilitate interpretation of SMD results, the pooled SMD for each meta-analysis (i.e. 6-9, 9-15, 15-21, 21-24, >24 months) was converted to difference in minutes/week of PA between interventions and controls. SMDs were converted to minutes/week of PA by calculating a pooled standard deviation weighted by sample size (Cohen, 1988) , for controls in studies reporting this outcome. The difference in minutes/week of PA between interventions and controls was calculated as the product of the pooled standard deviations and the pooled SMD effect sizes for each meta-analysis.
Cochran's Q was calculated and Chi-square tests determined whether variation observed between study results was consistent with sampling error only. Cochran's Q was transformed to I-squared statistics (i.e. the percentage of variability in SMDs due to heterogeneity between studies rather than chance (Higgins and Green, 2011) 
Sensitivity analyses on 6-9 month outcomes
Sensitivity analyses were conducted to determine whether the results of the 6-9 month analysis were robust to omission of outlying studies, studies not performing Intention-to-treat (ITT) analyses and studies with attrition rates higher than 20%. This determined whether pooled effect sizes differed for studies of higher versus lower risk of bias. The literature suggests that attrition rates >20% should raise concern about the possibility of bias (Schulz and Grimes, 2002) . Use of ITT analysis is suggested to minimise bias (Higgins and Green, 2011; Newell, 1992) . The correlation assumption was tested repeating the 6-9 month meta-analysis with correlation coefficients of 0.3 and 0.5. To test the robustness of our maintenance definition, we performed a sensitivity analysis including studies reporting positive post-intervention effects, with PA behavioural outcomes measured at least six months after the intervention had actively ended. Interventions which did not actively end (e.g. ongoing contact/altering the built environment) were not included in this sensitivity analysis.
Moderator analyses for 6-9 month outcomes
Moderator analyses were carried out for studies reporting PA maintenance outcomes at 6-9 months to explore potential sources of heterogeneity. Study-level sample and intervention characteristics were investigated as potential moderators and included: age, percentage females, intervention setting (community, work/university, primary care), delivery method ( effective at explaining some of the between-study heterogeneity responsible for variability in SMDs (indicated by a decrease compared to the I-squared statistic for the 6-9 month meta-analysis). The
Stata 'metareg' command was used for meta regression analyses (StataCorp, 2013) .
Weighted mean effect sizes (d + ) and 95% CIs were estimated at different levels of each moderator in the multivariable model using the moving constant technique (Johnson and Huedo-Medina, 2011) .
These estimates ( + ) represent the change in PA levels from baseline (expressed in SMD units) for the intervention group relative to controls, while statistically controlling for each moderator in the model (held constant at 0) except for the moderator and level of interest. An optimal model was formed representing the greatest potential benefit to PA, in which all moderators were simultaneously evaluated at the level associated with the greatest increases in PA.
Subgroup analyses were conducted to complement meta-regressions and explore heterogeneity by
showing how effect sizes differed between groups of studies. Study-level characteristics included age (above/below sample mean), gender (above/below sample mean), intervention setting (community, primary care, work/university), PA outcome (objective/self-report) and intervention duration (0-3 months, >3-6 months, >6 months). Chi-squared statistics and p-values were used to test for subgroup differences.
Results 5,029 titles and abstracts and 364 full texts were screened, resulting in 62 studies that met the inclusion criteria. Of these, 52 studies were included in meta-analyses (figure 1). Coders exhibited high reliability and agreement for the screening of titles and abstracts (Cohen's kappa=0.67, percentage agreement=90%), full-texts (Cohen's kappa=0.68, percentage agreement=84%), and coding of BCTs (Cohen's kappa=0.83, percentage agreement=96%) (Landis and Koch, 1977) . Authors of 36 included studies were contacted via email with requests for data, or clarification of results reported in articles; 11 replied with the requested information and four replied stating that data was unavailable.
Study characteristics
A summary of study characteristics is provided in supplement 2. The majority of studies were conducted in the USA (k=32) and used a RCT design (k=45). Overall, 61,690 adults (mean age 52.5 years, 64.1% female) participated (i.e. were recruited/randomised). Sixty-one studies measured PA using self-report measures and 18 studies employed objective measures. Seventeen studies reported both self-report and objective PA measures.
Intervention characteristics
Interventions took place in the community (k=39), primary care (k=13) and work/university (k=10).
Mean intervention duration (during which the intervention was active) was 8 months (median six months; range 24 months).The TTM and/or SCT were the most commonly employed theoretical frameworks (k=42). Forty studies reported ITT analyses and the average attrition rate at 6-9 months was 19.5% (k=27). Seven studies included group-based contact only, 18 had individual-and groupbased contact, and 35 included in-person contact.
Thirty-four of 41 BCTs were coded in studies. BCTs such as 'Goal setting (behaviour)' (k=44), 'Barrier identification/problem solving' (k=35), 'Prompt self-monitoring of behaviour' (k=33), 'Provide information on consequences of behaviour in general' (k=31), 'Plan social support/social change' (k=29), and 'Credible source' (k=29) were most commonly employed (supplement 3).
Effectiveness of interventions for PA maintenance
Thirty-two studies reported PA behaviour maintenance between 6-9 months and could be incorporated into the meta-analysis. Eleven studies reported results separately for different intervention groups resulting in k=43 comparisons. The pooled SMD was 0.28 (95% CI: 0.20, 0.35),
indicating that interventions had small, but significant effects on PA maintenance compared to controls. This SMD is the equivalent of 136 more minutes/week of PA for interventions compared to controls. The I-squared statistic showed substantial heterogeneity at 73% and the chi-square test showed evidence to reject the null hypothesis that the studies were estimating the same underlying intervention effect (P<0.001).
Thirty-one studies (k=44) Ten studies were not included in meta-analyses as the required data were not available (k=6), or PA outcomes were not comparable with the other included studies (k=4). At 6-9 months, five out of seven studies reported significant effects on PA maintenance, while two reported non-significant effects. Four studies reported effects beyond nine months and found that PA behavior was not successfully maintained (supplement 2).
Publication bias
From visual examination of the funnel plot there was some suggestion of asymmetry possibly indicative of publication bias in the 6-9 month meta-analysis, although the plot did not conform particularly well to the expected funnel shape (supplement 4). Both the Egger and PEESE methods showed evidence of small-study effects (P=0.002). The intercept, representing the best estimate of intervention effect after adjustment for small-study effects, was non-significant (0.04; 95% CI: -0.07, 0.14) using Egger's method, but was significant (0.11; 95% CI: 0.03, 0.18) using the PEESE approach.
The results of these tests should be interpreted cautiously due to the high degree of heterogeneity. 
Risk of bias
Sensitivity analyses
To test the robustness of our 6-9 month analyses and the assumed correlation coefficient of 0.7 between baseline and follow-up PA measures, we re-analysed these data using more conservative values; similar effect sizes estimates were observed assuming correlation coefficients of 0.3, 0.5 and 0.7 (SMDs 0.22, 0.24 and 0.28). Including only those studies carrying out an ITT analysis resulted in a SMD of 0.31 whilst pooling the effect sizes of studies with an attrition rate of less than or equal to 20% yielded a SMD of 0.29. Examination of the forest plot revealed two outlying studies (Castro et al., 2011; Sriramatr et al., 2014) . Excluding the three comparisons contributed by these studies resulted in a slightly smaller, less heterogeneous but similar effect (SMD=0.22; 95% CI: 0.15, 0.28; I-squared=57%).
Sensitivity analysis using the alternative two-fold definition of 'maintenance' (i.e. reporting a significant post-intervention effect on PA behaviour and measuring PA again at least six months later) was conducted on a subset of 13 studies (k=14 comparisons). These studies revealed that PA interventions had a small but significant effect (SMD=0.18, 95% CI: 0.08, 0.27; I-squared=71%) on behavior maintenance, an effect that was substantially smaller than those reported in the primary analysis using a more inclusive definition (supplement 4).
Moderator analyses
Thirty-two studies (k=43) Subgroup analyses examining intervention setting (community, primary care or work/university) found a significant effect (P<0.001). Although studies reporting objective PA measures had larger effect sizes at 6-9 months (SMD=0.50; 95% CI: 0.09, 0.91) than studies with self-report PA measures (SMD=0.24; 95% CI: 0.17, 0.32), this difference was not statistically significant. Subgroup analyses showed no significant differences for age, gender or intervention duration (supplement 4).
Discussion
The results of the present meta-analyses found that the effectiveness of PA interventions on PA behavior maintenance measured at 6-15 months was small (0.20-0.28) compared to control groups, although substantial between-study heterogeneity was indicated. There was little evidence of maintained change beyond 15 months due to the limited number of studies measuring PA and studies showing little effectiveness on PA maintenance at these longer time-points. Moderator analyses revealed some potential sources of heterogeneity. A multivariable model with the variables: 'primary care (versus community)', 'prompt self-monitoring of behavioural outcome' (i.e. recording specific measures expected to be influenced by behaviour change) and 'use of follow-up prompts' (i.e. gradual reduction in intervention intensity or frequency of contact over time) reduced heterogeneity, from I-squared=73%, to moderate levels (I-squared=51%), indicating that differences in these variables amongst studies explained some of the variability in effect size.
These effect sizes are comparable with previous reviews finding small-moderate PA effect sizes to 12 months post-baseline Williamson et al., 2015) , and acknowledging that although PA maintenance outcomes are rarely reported, when they are reported maintenance is frequently achieved (Fjeldsoe et al., 2011; Gourlan et al., 2011) . The effectiveness of PA interventions in the workplace (Malik et al., 2014; Schröer et al., 2014) , university (Plotnikoff et al., 2015) and community (Bock et al., 2014) has been documented. In comparison, the present review showed null effect size estimates for interventions implemented in primary care. The limitations of primary care settings for promoting PA maintenance is acknowledged in the National Institute for Clinical Excellence (NICE) guidelines which currently make no reference to maintenance and have identified reporting of longterm effects as a key gap in the evidence (NICE, 2013) . The present review focused solely on nonclinical populations, suggesting that primary care may not be the most appropriate setting for promoting PA maintenance in healthy populations but may have a significant role in promoting PA in clinical populations (i.e. disease specific populations not eligible for inclusion in our review) (Orrow et al., 2012; Sanchez et al., 2015) .
The present review showed some self-regulation techniques (e.g. prompting participants to monitor outcomes of PA behaviour change) were effective strategies used in studies for PA maintenance. This is supported by the findings of a previous systematic review investigating effective techniques in changing PA and self-efficacy in obese adults (Olander et al., 2013) . Samdal et al. (2017) also found that providing feedback on behavioural outcomes was a useful technique for promoting PA and healthy eating in overweight/obese adults. The relevance of self-regulation techniques for PA behaviour has previously been evidenced (Michie et al., 2009; Samdal et al., 2017; Williams and French, 2011 ) and systematic reviews have found self-monitoring using pedometers to be effective for increasing PA and improving health outcomes (Bravata et al., 2007; Hobbs et al., 2013) . Harkin et al. (2016) also found that monitoring goal progress can help promote behaviour change which is in line with a Control Theory framework (Carver and Scheier, 1982) and also Rothman's theory of behavioural maintenance which proposes that outcome satisfaction determines whether behaviour is maintained (Rothman, 2000) . Evidence suggests that PA maintenance may be predicted by the realisation of positive social, mental-wellbeing and fitness goals (Brassington et al., 2002; Kassavou et al., 2014) . Encouraging participants to regulate their behaviour by monitoring its outcomes and determining how satisfied they are may therefore be one potential method of inducing maintenance.
Use of follow-up prompts in studies, with gradual removal of intervention reinforcement, is associated with greater PA maintenance according to the present results and previous reviews (Avery et al., 2012; Fjeldsoe et al., 2011) . Learning Theory states that positive reinforcement (e.g. rewards) is effective for maintenance only when an extinction schedule is implemented and sudden withdrawal causes behaviour to be extinguished (Johnston, 2016) . Gradual withdrawal in the maintenance phase or intermittent reinforcement in the acquisition phase (with rewards given for a selection of correct behavioural responses) is recommended to increase behavioural resilience to extinction. Interventions promoting behavioural automaticity via gradual withdrawal of the support of interventions which effectively induce initiation should be more effective at promoting maintenance given the exchange between self-regulatory and automatic processes (Kwasnicka et al., 2016) .
Methodological quality
Methods of randomisation and allocation concealment were poorly described but where reported, were appropriate. Studies classified as high risk of bias for randomisation and allocation concealment were mainly large community based interventions for which this was not feasible.
Blinding of participants and personnel is also generally unfeasible in PA interventions and the quality assessment reflected this. Where attrition rates were high, reasons for drop-out and/or characteristics of drop-outs were moderately-well reported (e.g. 42% of studies had unclear risk of bias for incomplete outcome data). Some studies may have been subject to attrition biases. This is important given the focus on maintenance in the present review and increasing attrition rates as follow-up time increases. Where missing data was imputed, studies generally reported using conservative methods (e.g. baseline carried forward) decreasing the possibility that effect sizes were overstated. We conclude that our results are based on evidence that was generally reliable.
Strengths and Limitations
The present review is the first to investigate PA maintenance in adult non-clinical populations with a focus on potential effect modifiers, particularly BCTs, using meta-analysis and meta-regression. It expands upon the findings of previous reviews by exploring causes of variability in effectiveness between studies. There was a large degree of heterogeneity and moderator analyses did not explain all variability. Whilst several of the meta-analyses we conducted relied on results reported in a small number of studies (supplement 4), guidelines suggest that meta-analyses results with fewer than ten comparisons should be interpreted with caution due to reduced power (Higgins and Green, 2011 ).
Egger's and PEESE tests indicated results may have been affected by small-study bias with the caveat that results of these tests should be interpreted with caution due to heterogeneity (Stanley and Doucouliagos, 2014) . Furthermore, our search was limited to publications in the English language.
Several reviews have defined PA maintenance as occurring when a period has elapsed after the intervention ends (Avery et al., 2012; Fjeldsoe et al., 2011; Gourlan et al., 2011) and our definition may be viewed as relatively lenient. Forty of the 62 (65%) studies in the present review reported PA after the intervention had actively ended. Including an eligibility criterion for PA measurement after the intervention had actively ended would have penalised studies of longer intervention duration with no follow-up after intervention-end. Although our moderator analyses did not show an association between intervention duration and PA maintenance 6-9 months post-baseline, this may be an important consideration for maintenance at longer time-points. Previous reviews have found that interventions of longer duration more often promote maintenance (Fjeldsoe et al., 2011; Robertson et al., 2014) . Previous research suggests that PA maintenance requires ongoing intervention support for some or all participants (Hall et al., 2010) and some recent PA interventions have been designed with specified maintenance components providing ongoing support (Yates et al., 2015) . Interventions altering the physical environment, for which there is no active end, are also increasingly recommended (Butland et al., 2007) and have been the focus of some recent PA studies (Prins et al., 2016) . In acknowledgement of the fact that researchers differ in opinion in terms of how PA maintenance should be defined, we conducted a sensitivity analysis requiring studies to report a significant post-intervention effect for intervention versus control, and additionally to measure PA behaviour six months after the intervention actively ended. This did not significantly change the results and we are therefore confident in the present review's conclusions regarding the literature on behavioural maintenance in PA interventions.
Recommendations
It is of critical importance that the research community establishes a standard definition of behaviour change maintenance to progress this research area as understanding is impaired by different authors describing different phenomena using the same label of 'maintenance'. Future PA interventions should be designed with maintenance of behaviour change in mind from the outset.
For example, trial designs must consider attrition rates and associated sample size calculations, appropriate measurement time-points, and suitable techniques to reduce participant burden when assessing behaviour change maintenance. Studies should investigate specific constructs hypothesised to induce initiation and maintenance to uncover how these processes differ.
Existing behaviour change theories generally tell us little about the dynamic nature of behaviour change over time (Michie et al., 2014) and behavioural measurement in the included PA studies reflected this (e.g. most studies measured PA at six month intervals with few using shorter, more continuous intervals or modelling maintenance trajectories (Seymour et al., 2010) ). Included studies did not explicitly measure maintenance in terms of behaviour sustained at a target level and our operational definition of 'maintenance' reflected this. Future research must (1) collect measures that vary over the course of a study and influence behaviour change, (2) report maintenance outcomes in terms of target PA levels, and (3) Indicates the moderator level that conferred the largest PA increase and were used to generate the optimal model.
